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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an etching depth detecting 
method for accurately detecting etching depth, even if a material of small 
reflection rate is etched. 

SOLUTION: In an etching depth detecting method, a substrate is 



irradiated with light and reflected interference light is received, and the 
etching depth of a part to be etched is detected, based on information on 
reflected interference light The reflection rate of a mask is calculated, 
based on the film thickness of the mask, information on reflected 
interference light is corrected based on the reflectance of the mask, and 
etching depth is calculated. 
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mem 1 (D^^mmr^m i (omm^mt. 
mm-^T.^mm.mcm 2 o^^^mmr^m 2 (db^w^is 

mmm 2 ^D«M^i^^^S-rJv^TMf^^ 1 <D«M«#©ffi 

d ® X >y ^ V ^"^©tc J; ^ X -y ^ V >f j?Ji $ ;&|f(f Bx -y ^ 

t-t^m^m 1 *^e. 3oi/^-rn*>K®<Dx«y^:/y^ 

So 

HiliB^l<OJt(7>HufiBvx^'Jg^gp*^&coS*f>ti:. MiB 
^ 1 0^tDH5faffix-y^>'^m^?.iDSS^^a(DT}$3te 

mmm 2 cD^<DMfBvx ^m^m^ ^ <Ds.myt^^ 



Cli*«6] li^SfB^cDX-y^V^ai^t^tBT^rffi 

MIB^ffiXSti. HUIB^ 2 0«^«^lcao'l.^TttlfEm 

HufBtfIEfiitcS-ryv>T«(ffB^ 1 om«#^©?liE«rtT-5 

BUlBffijE^n/c^ 1 <D«^fi^lC»':3v>THUiaMX'y^ 

^ii^S c i:;&!|tlSi:-r5x-y^>^fgil$^a:^j5fe„ 
[|i*«7] KflBlttfiXSfi. 
BulB^ 2 t?)«M«#tca-^v^T. HiilBvx 
mt-^XSi:, 

MiBffljEfiitcscJv^THufa^ 1 (onm.m^<Dnm^no 

MiEXSfc. 

>y ^ > ^ ^fltttSf ^tUX@ t . 

5 c i: iSr^tm i: -r 5 5 f B«<Dx «y ^ > 5f ^ 

J; l>* X ^ tiT 1/ ^ ^ V ^Mx >y ^ > ^-ap i: ^W-r 

5a«{C7t^M*fLT^iOS*fT^7t^SJteL. CCDS. 

i^yg!i^%«lfc^■r5xy^>^^^^:^t^:^r^^c^5v^T, 
MiBvx ^ cDM)?tcs-c5v^T tffiBvx ^ ojg*t^^wm 

ccovx^os*f^^ca-d^^^TBuiBStifT^^t(D1f 
^<D?iIE^RoTMiBx«y^:/i^^^;gr^m-rs c i:^ 

1#IS i: -r 5 X -y ^ v^^gii^^tfi:^rffio 

V X *^ s n T V ^ V ^ M X >y ^ > ^-gp t % # -r 5 » 
mem 1 <o^^8gi>fr^B^i*x@i:. 

H9IBm 1 <oyt<Dnt!m'^7.i/1BmMii^&<OSm^tm!9d^ 
1 O^^OtulBMx>y^v^'*gI5A^e,^DR*f^i:OT#^;& 
g^L. micDtt^^l-^tc^i^iTSXiSi:. 
mmm 1 omm«#feJ;t>*H9iBvx^O)l»1f ^tc»-:3 

v^TMiBSx -y ^ ;&«itB-r §«imxe 

5 c i: ^ttti i: -r S X >y ^ > ^-^^^ttti^^So 
[IS^JllO] S«%X-y^>'^--r?.X-y^^/yxS 

MfBx «y ^ ^^(Oai* «r1^m-r Sil^tBXS i: . 
§x>y ^V^'*?^ icfcV^T, 

mtmiaxmit. m^m 5 $ rctiiia?^^ e ou^-rnA^is 

#®i:-r5x«y^Vi^:^a„ 

mt^xmts 
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Mf e V X ^ ^^jgfiSc ^ nr v ^ -g. -7 X ^ jg^gp i: V X T« 
mmm i <om%m^ttmm 2 <omm.m^tKm-:}^^ 

[0 0 0 1] 
[0002] 

^ \mo:)mmc^^m^W'^ ? -& i. x -y ^ > ^"xe*^ 
v7>+>'^^nTi/^^i/^gP5^-©*^*ss?6^tc^)nx-r§ ci 

?j|*^m^<D^*fc*SJ:9fc, x-y^vyiftcAPXgJi^ 

{i^ #p»fl¥ 1 0-3 2 5 7 0 s^<^kW<n^^^in^o ^<r> 
m^-nmt. 0 1 stc^^n^ jc^ic vx^' 1 0 1 
e.®si*)teR 1 fcs *5j!l^x^a5^*^e,<^)Sl^^R 2<DT^ 

«o R 1 R 2 cD^^3^tD?gje«. M*nXg|55:)-*^??i?<'S: 

«B^fkLfct#<D^ M*DXg|5^J-<Dgil$f4B§|*Lfc^<OM 
«©l/2T'*So iifoT. R 1 aR2CDT^^*)t4fe 

tBggi 0 2T'^tiiL, '^w'HMmimmm'cx^rcfs^'^ 

x<y^^y;&fflJ:LTm^©gii;3r$TiraXJ&=fTdc: 
[0003] 

[^B3*^«i*L<J:3t-rs^S] L*^L;S:3b^e>, ^^Si* 

MftPXgP^;!?^ e. <DSW^ R 2 A^l^^ tc §|< o R 2 
^<!S:SC^IC#V\ R 1 i:R2<OT#>ttil<^0> 



-r^^-^femfiJ: < x-y^v^-i?g^;&1^tb-r§ c 

ai7?}S ^ffl V ^ T«a[S < X -y ^ > C i: njftg i: ;S: 
i >y ^ > ygKJ3 cfc tfx >y ^ > Sfe^^#|-r § ii i: 
;&a6gi:-r§o ffia[mv^iipxA^5Itli:^§4^Sif*: 

[0 0 0 4] 

^V^S^X-y^^ySPfc^grJ^-rSSIStll 1 <0%^m^t 

*^ ^ cDS*f 7t . Ml 1 OJteOMiSS^x >y ^ > ^gp^b^ 

•r 5 ¥S t , BiffB i'.J^^aSfc^ 2 (D)t«rMI>f-r s ^ 
2<DBS*f#®i:. Mf2^2(D^(7)MEvx^7m^gp*^e, 
cDK^f^^ST^L. m2<D«Mfi^lc^^-rS#@t. 

T. S9fE«x.y^>^gpoj5i$^1*tB-r5«lto^mi:, 

c i;>£#ISi:-r?.x-y^^^-!lii?1^tii^HT-a& 
^fc. H«jiBx-y^>i/j^^^tiiSHicfcv^T. MIB 
«im¥©{i, B>IIB^2CD«m«^{ca-:3v>THfIIBmi<D 

5tli:^?#ISt-r5x«y^>^^^^tBgSTfa&5o s 

fc. Hf^l2x>y^>^-gii^^^^J^s^cfcv^T. Buia«fettJ¥ 

HuiBm2©«^{i^tcS-:Jv^T, BifiB-x'X^OM 
i»%»ai-r?.#ISi:> c:<Dll»fc»-^i^TlufE^io« 

i:, MfBMiE^^nfc^l^mMff^lcScJv^T. MIB 
Igx^yf^v^gpog^^^&gctll-rsgg^i^ttl^mi:. 

[0 0 0 5] Sfc, tifiax>y^>ygii$ig|tB^Htc. fff 
f aSIS^x >y 9^ > y-r S fc 460X >y ^ > ^^©^{^tSP 
U <lOx>y^i/^#|StJ:Sx<y^>^-j^^;g:Ht[l3x 

%1tlSi:-r5x«y^:/^f^Si?a&5o *fc> vx^*^S 

fi!^$nTv^5vx^>^g^aPi:•7x^A<Jgfi!^^nTv^:ft^^ 
Mx-y^^^z-gpt^wr^sstc^ 1 o)t^M*t-r;5Bg 

MXigi:. tfFl2^1<D^(DH5fHvx^Jgfi!ca5*^e><DS*t 
% t , HCISm 1 0^<DHfffi2«x <y =f-l/ifm-^ 5. OS*f>t 
i:OT#Jl£^§)tU ^ 1 0«^fS^Jc^^-r-5Xie 
fc. Haf2VX^'}gfiggptC^2cD^%M*fr5B^I>fXiS 
i:, m^Z(Dift(Dmm-^7.^m^^i3'^(Om.Mm:^ 
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[0 0 0 6] ^fc. BUf2x>y^>^'}li?^1^tB73ffilC43V^ 

THuf2^ 1 (DnmmcomjEm^TRib^miEmmmxm 
mt. M82x-y^vy©gg$;&i^tH-r?><^mxiei:. ^ 

m^gP^J-tcvxi'^J^fijc-r^Xigi:. MI24^»<*'t'x/N 
^Tfflt-nTv^^i/^gp^i-^Apx-rsiPXXSi:. 
«^^:>^7X/^;&X>y^>if■r5x>y^>^'•X®^:, Hr[|2V 

X ^ nr V ^ s V 7. ^ jg^ap vx T-a t)nT 

V^:^V^Mx«y^>'^gPil%Wr5a«tC^ 1 (D^^mi 

mt. mmm2coyt<Dmm-^:^'>mfiim^^coKm^^ 
n^mm:. t^MBSB2<om^mmtic&-:5\,^r. m^m 

[0 0 0 7] *fc, •VX^'^^Jg^^nTV^SVX^'}^^ 

as i: vx ^ 3b^?g^:s nrv^^i/^Mx y ^^/^ap i; ^w-r 
^mm\m 1 ©)t*B8*f-rsfi8*fxiSi:. tffi2^ 1 (oyt 

fBMx-y^y^m^?,OSS>f^i:t^)T^^^S^L. m 

1 ©«m«^tc^gi-rsxsi:. HuiB^ 1 (om^m^ 

KiEvxi'Ofliffif a{lcS-:5t>TH9fB«x-y 

gp^ii^^^^ttti-rs^tiixigi:. ^m^^^t^i^mt 
-r^x-y^^^gg^^aiTsaT'a&So 

[0 00 8] 



^^ffl^Hti. ;^SU-r?.i:. x>y5^>^^BcD^^ ://^ i 

^ ^ nfdl^tC»-:3l/>T X >y ^ > ^-j^^ ;&^a-r S X >y 

^>'i^^^1^tB#S2' fcfc^itenso x^yg^v^^-^ 

^1^tti¥©2' (i. vx^'Mffffagpa i:> vx^S*f 

EtcMAnXl^WcD^B^MI^-rSo 1Si!iPX^^W*^5>cDS 
[0 0 0 9] =F^7-i';l'^{i:!lf^^DM5tD7teO*^@j@ 

W-^tDB^I^fegfi. CCDiillXYXT^— 9li:.fct>{S 

i^'XT^i^v^:/! 0. ityr^f^ i k b>'Xi 2^ 5^- 

5till3. gUjXYXT^-e^l 8 i:T'«fig*nT(/-'So 
^2<DMt*^©T'fe?)^?>i'*Xx>'7yy 1 0 tin 2 CD 

^>>'^iF^o*5Anxt(Wo«®ic:m)t^n5o c<oM*r 

J; S SSftPXii^ W A> e. OS*f ^«8S*f^ t |S| D^^iS! 
^fpIfcHH^^ilff LT, ^2©S^^@T'^§43-«gg 1 3 
tcA^j-rSo :»^g§l 3T'«X:'3Ufc^J&^^X'^^ h 

ffl<D?lfiO«fc(inX!^W'\<DR^*fl[g{i> ii&XYX-r-i^ 

1 8tcJ;Diir«^J6^ft6^«fi!ci:^oTV^5o "^X^H 

sti^ffl^tca-cJv^Tvxi^ 2 ocDHjp^sui-rsafii 

[0 0 10] vxi^si>f^gmgP4«. ^o^mmcm-i 
v^Tvx:^2 o<Ds*f^^stti-rSo ffw^n/csi*^ 
«M#ffliiEfii»aisPK:m:^$n5o ■fg#MiEfii»tfisP5 




(5) 



§ (S 1) o cO«3!IPXt!^W^ii^U^:/'^x/^T'fet). 

tiTV^%v^*5x-y^>^SPt-'i^ "^'^'^ h 2 1 *^ 
2<DS«iXYX7^-i^l 8, 1 9tcJ;0ffia9i*^^ 

(S 2) o 

[0 0 11] i^lC. ^fV^T^xV^V^l OOTt^VX 
1 3 A^P.®«M«^i:^orc5^7tX-<^ 
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%S[i±i-r?. (s 3) o ^»PJ««> 0 5tc^-r<t5fc, 

osi^^Tbwm^n^ (s 4) o «Ticsmma%7is 

■To 06tc?N^ni.<fe^i-. vxi'20ft>P.©R*f)t 
{i, 2 o«ffiT'©S«*)tei:, 1iS*nX!|aw*^e.<DS 

CO 0 1 2] 
[mil 



^X^' 2 0«fflT'©JgM*R 3 t-^X^ 2 0©BSt*N 

;i,o ffi!)0X!i^W(DSffi-e®KI*^R4tt, mfsaxmv^-^ 

ymmB!>m^^^^ (S 5) o hffi^^i^^ 

Hi, 7*M^^:^Xh<D5M*Rl. •7X^2 0<DSS* 
^R2, ^i1.)tO»J^?ftSA. 1iiaraXia5(Di^^D«:fflV> 

[0 0 13] 

I =|/?1|' +|i?2p +lJ?l|-|i?2|cos(4«:D/A)- • 

^a?ft*M^x^n5o ^tc. R2«vx^s*f*stBSP 

cDa«tJS»T'$.5:t7-b'y R1XR1+R2XR 



|/?4lcos(470ir/A)- • 

A«$n?. (S6) o x^y^^y^^. 07lC^^2n?. 
<fc ^ tcffixy ^vygPi:vx^ 2 0 lcj?^^PJ^ffl®3t*^ 

>&§7tbT«^m^l-^^^?- CS 7) o CCD«m^^ 

^i{i#^fiEg|56^cfcv^T^liE^n^ (ss) o 
[0 0 14] i?i?^i^agi57t±. m^nm^h\t^m.m^ 

(S9) o f^^c'i:O3S)K«#a08JC7i^^n5J;5ti: 
ffl«afi^!5:y7:7i:^So gg^1^tHgi57^ctev^T^iiloy 

^7lcS-:5v^Tx-y^vyi55^>&1^tHbTV^§o x-y^ 
S 1 ^^il^a^nS^P^T 1 3Oii><0«iiSS 3*^^Hi 

^ni)^fflT 3i^T'©^raK:*ox^n?)Siit±v "^(^^ 

tJoTX-y=?->'^^)SSEA^*J6P)n?)o 

Sb^nssT'^^p^tcinx^ns^mii. jt©4^>tDi 

4*^5.. ATf£itAnX^nTV-§i:^^i:. cofc^O 
jtaXKStti, 

T 1 XE+3XA/4+ATXE 



Of 
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t. x>y^><^ft^«l7-r5 (S 1 0) o lJt±OfPffltcJ; 

Co 0 1 5] tj:^. mimX.^<DMm<,iy^ h lyiyXhiC 
^lEllSlOJ^^fc fev^T t± V X ^ Jg^gp MX ^ > i'-gp 

m^^f^-r^a C<Dv-ri'niS7^5Xvx'y^>'^^B 
«s 'f-^zy^oot. c:iD^-v>/^3 oicSjES;?fx^#l 

fcibo'^^ ^u\m^nz 3 X-y^^^^^^^l^ai 
5 fc460SiJ^'N K 2 . ^^ff^mas 3 . 

3 0 tK^.i<>:^3 2 iL\.mmm\zi:K)W^iinx\^^ 

«iSS4 Ote:J;»9^-W>'^3 OrttcWA^nSo S/c. 

[0 0 16] S■r^ ^A'y^^S OPlfDADX'T— :r;i/4 2 
tc. MiPX'i^Tfe^a«4 3*i^-fe-y h^nSo c;©s« 

4 3{i@ 1 0fc5^^ms<}:5tc, llPgP^WbT^O^ 
gSPgl3JJl^cDgl5^tiVXi^4 4-es^nTi/^5o s/t. 

l3pg|5F«3g^5^^:^i^ 7* h v'Jx h 4 5 *^?tJM^nTv^ 

So »«4 3*-t>yhm. K^Jj^>:/3 2^e®lLT. 
3 0 F«9* 1 0 - 3 ^^X*;l'@fi<D;«fXff (C« 

So -;^^x^4 4*^0^$nTv^sgP5i'{c> ^^^^x 
•7^:/7>^i o*^e,MiPPJ^ffl©5t*^MS«f^nSo z.<d 
yt<D^mmt. i^igi 3»i:ifco§^$n. ^i©ii«s 



irx^y^^i^'^^P^ii^^nSo ^^>/^3 0rt{c#ig^S4 

»AL. ^^>/^3 OrtcDR^SA'X^-r^J-VfbLTrglt 
m^^^^-rSo <:ne.S143e?li:J;'3SS4 3©P^p 

9*^e.gi5$pj^ffl©^*^s«4 stcMi^^nSo vx^ 

4 4:?)^?,cDS*t7l6i:. x-y^^^^'^nrv^i.:?;*- b Ui/* 
X h 4 5 *>P>OS*f^i:. (DTr$^*^^1^tB^ l 7 (cj; 

gP7tC3llM?nSo x>y^>i^jg5$^ttlgi5 7-t:-«. ^1 
Oll)K6O0«|i:lB|^iii:x>yf^>^'jS?^*''^^t±l^nSo m 
^CD^$^T'7* h Uv^X h 4 5*^ijPX2nSil, x-y 
'9^>^^^$«ima5 7 7b>6. :flrx«^«&^®3 ifejctf^-f 

CO 0 1 7] J-X±cD{'^ffltcJ;Dx-y^Vi^**^tTt3nfco 

oTx-y^>^^^$^i^m-rso w-ox. Kmrnkmi}"^ 

<DSii7?}£fcM-rSo 01 1«. DRAMSBt©-xe 

hU>'^:7^';b(DJg^X@^^LTV>So 0 1 1 
(A) it. YVl/^y ^ )]ym^m<DmiB.^7^\^X\^^^o 

^p^mcit. 7 * b ^i/*x h*^e.^sy^';i'5 2 

^nrv^So */c. :7i';U5 2i:M^v^rta5i:Oi^|? 

bfc^lifiofcfc, 7-r;I/5 2 3b<'5r^*;l/H^'i'x>y^:y 
^*lc<}; 0*PX^nSo c:(Di:^cDx-y^>^'*^^«^i 

TSiJ^^tiSo mii^tfucii. S-Ttx^s uco^Ljt^ 

T. x-y^>^*;&tTV^:&A^5>, 01 2{c^^ns<}:5 

^Mm-^^n^n^m^m\mi.x. ^i^^&fc^iEffi 

coo 1 8] m^^^^T'X^y^vy^n/cil^lc. X 
-j^y^^'^mYt^o 011 (B) SPXf^<D»r®0 

%^LTv>So ^©^^ m^<D«n,a*^*$n, dram 

A^^ig^nSo DR AM«:iE#lcKif^^-&Sfci6t«. 

h u>^7 ;i/«m^o^«ti:mja[m < x -y ^^^/^n 

SigSSA^feSo ^ 1 (Dlli66cDJBffiT'^^nfcX>y^^^ 
^cDgii^ {Ci!lPX$nfcfc:46. ^©|g*D R AM«D^®S 
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CO 0 1 9] 

iELrccor\ s*f^*v>^ i/M^H;&x y^y-y-r^ym^ 
i>mms: < X y ^>':fm-^:^m^-r ^ct t^^m 

[011^1 O^Sii(D}gSlc^§x>>^>^gii^^ajS 

[02] ^ 1 <Dmm(ommicm!s>m^^^y H(o«fig@o 

[03] micDHfigtDJ^^tCioltSX'y^^/y^^aiJ^ 
<7):70— ^-V— ho 
[0 4 ] ^ 1 cD^«|cDf^SlCt5V^T«*nX#((D«3g%a^ 

[0 5] m.i(Dmm<DmmK^\^^rmm9\mmm^mi^ 



[06] m cO^fllOJBStC^SV^TVXi'^ffiT'OSm 

[07] ^ 1 (Dmmmmici3\.^rm^i^mi-^tircyt 
[08] mi<Dmm(Dmmic^^^^rmmc't(o^&im^ 

%^Lfc0o 

[09] ^2£D||)5iB(DJ^^t'0S5v-r^PiS:/vX-^X 
>y^>^*SBOMfi!;0o 

[010] mz<Dmm(Dmm\c^\^^rmamcy:i- h u 
[011] 'mz<r>'m&.<mmn%^^Mwmm<^WMj. 

0o 

[012] ^3 0|ISiiOJ^®tc^5^Sif*:^§OiS!igX 
Stc fei/^ T :7 ;l/7b^ p> ©SI* )t i: V X ^ *^ 5> 

^Lfc0o 

[01 3] i»f*(Dx-y^>y}^$(Dl^acDl$??r^5Ufc 

0o 

[?^^©UiB^] 

2 jiiJ^'N -yK. 3 4 VX^'S 

MWrnm^. 5 MiEfilgtilgP, 6 «^tfiEg|5. 7 
x«y^>^gii^«im«iJliaP. 1 0 ^r:/^yx^>'^> 

•f. 1 3 ^)tgg, 1 4 /^pyv■7>7'. 1 7 
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